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 I 
᪎  㾷 
⋨⸣࠶ᆀㆋާᴹѠᇼⲴᲦփ㔃ᶴ㊫ර઼ՈᔲⲴۜॆǃ࠶⿫ǃ⿫ᆀӔᦒㅹᙗ㜭ˈ
㻛ᒯ⌋ᓄ⭘Ҿ⸣⋩ॆᐕǃ㋮㓶ॆᐕ઼⧟ຳ、ᆖㅹ亶ฏǄ䲿⵰ᓄ⭘亶ฏሩ࠶ᆀㆋн
ᯝᨀࠪᯠⲴᙗ㜭о㔃ᶴⲴ㾱≲ ᗞˈᆄ࠶ᆀㆋⲴ⹄ウнᯝ᧘䱸ࠪᯠǄ䘁ᒤᶕ䭇䞨ⴀ
փ㌫о⼧䞨ⴀփ㌫ᡀѪ࠶ᆀㆋⲴ⹄ウ✝⛩ᯩੁ བྷˈ䟿ާᴹѠᇼ㔃ᶴ㊫රⲴ䭇䞨ⴀ
৺⼧䞨ⴀ㻛ਸᡀࠪᶕǄ㘼ሶ䭇о⼧㔃ਸ䎧ᶕⲴ䭇⼧䞨ⴀত勌ᴹᣕ䚃 ਜ਼ˈᴹ䗷⑑䠁
኎Ⲵ䭇⼧䞨ⴀᴤѪ〰ቁǄᵜ ᮷ᰘ൘ሶ䗷⑑䠁኎ᕅޕ䭇⼧䞨ⴀ ਸˈᡀа㌫ࡇާᴹᯠ
රᲦփ㔃ᶴ઼Ѡᇼ⢙⨶ᙗ㜭Ⲵ䗷⑑䠁኎䭇⼧䞨ⴀǄ 
ᵜ᮷᧒㍒ਸᡀࠪє㊫ᯠර䗷⑑䠁኎䭇⼧䞨ⴀ MII4(H2O)4[Ge(OH)2(HPO4)2- 
(PO4)2](MII = Mn, Fe, Co)ǃ(NH4)2{[Mn2(HPO4)][Ge(OH)2(PO4)2]}ԕ৺䫱⼧䞨ⴀᯠ
ॆਸ⢙ NaFe(HPO4)2ǄਸᡀⲴޣ䭞ᖡ૽ഐ㍐ᱟ㔃ᶴሬੁࡲй҉㜪Ⲵ࣐ޕǄ䟷⭘㊹
ᵛ X-ሴ㓯㹽ሴǃঅᲦ X-ሴ㓯㹽ሴǃݳ㍐࠶᷀ǃ㓒ཆݹ䉡ǃ✝࠶᷀ǃぶᯟ๑ቄ⍻
䈅ԕ৺⻱ᙗ⍻䈅ㅹཊ⿽࠶઼᷀㺘ᖱᯩ⌅ሩᡰᗇӗ⢙䘋㹼⹄ウ ᗇˈࡠⲴѫ㾱㔃᷌ྲ
л˖ 
1ǃ൘ MIIO±GeO2±P2O5±H2O փ㌫ѝਸᡀࠪާᴹᯠ㔃ᶴ㊫රⲴ䗷⑑䠁኎䭇⼧
䞨ⴀMII4(H2O)4[Ge(OH)2(HPO4)2(PO4)2](MII = Mn, Fe, Co)Ǆ㋮⺞⍻ᇊ䈕㌫ࡇॆਸ
⢙ⲴᲦփ㔃ᶴ ൘ˈަᲦփ㔃ᶴѝޡἡⲴMO6䗷⑑䠁኎ޛ䶒փ᤹➗亪ᔿ-ᢝ䖜-亪ᔿ
-ᢝ䖜ᯩᔿ⴨ӂ䘎᧕ᖒᡀа㔤ĀѻāᆇᖒⲴঅ䬮ˈ䬮о䬮ѻ䰤䘋а↕⭡
[GeP4O14(OH)4]8í ӄ㚊փ䙊䗷ẕ≗⴨䘎ᖒᡀާᴹޛݳ⧟ᆄ䚃Ⲵй㔤ᷦ⣦㔃ᶴǄᆔ
・Ⲵ[GeP4O14(OH)4]8í ӄ㚊փ俆⅑൘䭇⼧䞨ⴀփ㌫ѝ㻛ਁ⧠Ǆ⭡Ҿᆈ൘MO6䬮ˈ
⻱ᙗ⍻䈅ᱮ⽪ Fe-о Co-ॆਸ⢙൘վ⑙ᰦ㺘⧠ࠪ৽䫱⻱ᙗǄFe-ॆਸ⢙Ⲵਸᡀ৏ᯉ
Fe㊹ԕ৺й҉㜪Ⲵ䘈৏ᙗሩॆਸ⢙ѝҼԧ䫱≗ॆᘱⲴᖒᡀާᴹߣᇊᙗ֌⭘Ǆ 
2ǃ൘ NH3±MnO±GeO2±P2O5±H2O փ㌫ѝਸᡀࠪᯠර䬥䭠䭇⼧䞨ⴀ
(NH4)2{[Mn2(HPO4)][Ge(OH)2(PO4)2]}Ǆ൘ަᲦփ㔃ᶴѝMnO6ޛ䶒փޡἡ䘎᧕ᒦ
⭡MnO5й䀂ৼ䭕䙊䗷ẕ≗䘋а↕⴨䘎ᖒᡀа㔤Mn±Oཊ䶒փ䬮 䬮ˈо䬮ѻ䰤޽
⭡ PO4ഋ䶒փ䘎᧕ᖒᡀMn±O±Pཊ䶒փቲǄGeO6ޛ䶒փޡ䀂亦⴨䘎ᖒᡀ䬮 PˈO4
սҾ GeO6ޛ䶒փ䬮єחоѻẕ䘎ᖒᡀ GeO6±PO4а㔤䬮ǄGeO6±PO4䬮䘋а↕ሶ
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Mn±O±Pཊ䶒փቲ⴨䘎ᶴᡀާᴹॱҼݳ⧟ᆄ䚃Ⲵй㔤ᷦ⣦㔃ᶴǄॆ ਸ⢙൘վ⑙л
ާᴹᕡⲴ৽䫱⻱ᙗǄ⭡Ҿॆਸ⢙Ღփ㔃ᶴѝањ P ս㖞ᆈ൘ᰐᒿԕ৺ᇎ⍻㊹ᵛ
X-ሴ㓯㹽ሴമ䉡∄⨶䇪䇑㇇മ䉡ཊࠐњᕡⲴ㹽ሴጠ ഐˈ↔᧘⍻ॆਸ⢙ਟ㜭ᆈ൘䎵
㔃ᶴǄ 
3ǃ൘᧒㍒ Na2O±FeIII2O3±GeO2±P2O5±H2O փ㌫ᰦˈ֌Ѫ࢟ӗ⢙ᗇࡠ䫐䫱⼧
䞨ⴀᯠॆਸ⢙ NaFe(HPO4)2Ǆ䈕ᲦփѪᆚᲦ 䟷ˈ⭘⸙䱥(1 0 0, 0 -1 0, 0 0 -1)䀓᷀ަ
Ღփ㔃ᶴǄަᲦփ㔃ᶴѝˈFeO6 ޛ䶒փо PO3(OH)ഋ䶒փӔᴯ⴨䘎ᖒᡀާᴹޛ
ݳ⧟ᆄ䚃Ⲵй㔤ᷦ⣦㔃ᶴˈNa ⿫ᆀսҾᆄ䚃ѻѝǄॆਸ⢙൘オ≄ѝ 375oC ԕл
㜭ཏっᇊᆈ൘ˈ൘վ⑙⇥ާᴹ䖳ᕪⲴ৽䫱⻱ᙗǄ 
4ǃሩᐢ⸕䭇⼧䞨ⴀѝ䭇⼧≗Ⲵสᵜ㔃ᶴঅݳ৺䗷⑑䠁኎䭇⼧䞨ⴀⲴ㔃ᶴ䘋
㹼∄䖳 ᧒ˈ䇘Ҷ䗷⑑䠁኎ʹ䭇䞨ⴀʹ⼧䞨ⴀ䘎᧕ᯩᔿⲴཊṧᙗǄ࠶᷀㺘᰾䗷⑑䠁኎
䭇⼧䞨ⴀнӵާᴹѠᇼⲴ㔃ᶴॆᆖ㘼фާᴹ▌൘Ⲵ⢙⨶ᙗ㜭 ኅˈ⽪Ҷ䈕փ㌫⹄ウ
Ⲵᒯ䱄ࡽᲟǄ 
 
ޣ䭞䇽˖䗷⑑䠁኎䭇⼧䞨ⴀ˗ 䭇䞨ⴀ˗ ⼧䞨ⴀ˗ 䫱⼧䞨ⴀ˗ ⓦࡲ✝ 
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Abstract 
Zeolites have been widely used in the petrochemical industry, industry of fine 
chemicals, and environmental industry, due to their outstanding catalytic, separation, 
and ion-exchange properties. Germanates and phosphates, as two young members of 
zeolites, have made great progress during the past two decades. However, 
germanophosphate, DV WKH FRPELQDWLRQ RI JHUPDQDWH DQG SKRVSKDWH KDYHQ¶W EHHQ
fully exploited. Because germanate and phosphate have rich structure types and 
transition metal can provide interesting optical, electrical, and magnetical properties, 
this thesis focused on the synthesis of transitional germanophosphate. 
In this work, solvothermal synthesis was applied to explore the transition mental 
germanophosphate system. Two kinds of transition mental germanophosphates 
MII4(H2O)4[Ge(OH)2(HPO4)2(PO4)2](MII = Mn, Fe, Co), (NH4)2{[Mn2(HPO4)][Ge- 
(OH)2(PO4)2]}, and a novel iron phosphate NaFe(HPO4)2 have been synthesized with 
new structure types. Triethylamine play an important role in the formation of these 
compounds. The crystal structure, chemical composition, morphology, thermal 
stability, and valence state of iron were characterized by employing Powder X-ray 
Diffraction (PXRD), single X-ray diffraction, Inductively Coupled Plasma Atomic 
Emission Spectrometry (ICP-AES), Scanning Electron Microscopy (SEM) and 
Energy Dispersive X-ray Analysis (EDX), Thermogravimetry-Differential Thermal 
Analyses, Infrared Spectroscopy (IR), magnetic susceptibility, and Mössbauer 
Spectroscopy. The main conclusions are listed as following, 
1. A new class of germanophosphates MII4(H2O)4[Ge(OH)2(HPO4)2(PO4)2] (MII 
=Mn, Fe, Co) have been synthesized by solvothermal method. In their crystal 
structure, MO6 octahedra connect to each other by edge sharing with a 
³WUDQV-skew-trans-VNHZ´PDQQHU to form one dimensional zig-zag metal chains which 
are further interconnected by [GeP4O14(OH)4]8í pentamers, resulting in a 
three-dimensional framework structure with 8-membered ring channels running 
parallel to the a-axis. The [GeP4O14(OH)4]8í pentamer built from a central GeO4(OH)2 
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octahedron linked by its four equatorial vertices to four PO4 tetrahedra via common 
O-corners is the first time to be observed in the germanophosphate system. The 
edge-sharing MIIO6-octahedral chains lead to interesting magnetic properties. These 
two germanophosphates exhibit a paramagnetic to antiferromagnetic transition at low 
temperatures. The divalent state of iron in the iron compound has been confirmed by 
thermal analysis, magnetic measurement, and mössbauer spectroscopy. It is needed to 
note that the reductive reactants, Fe powder and triethylamine, play an important role 
to obtain the Fe2+-compound. 
2.  A novel ammonium manganese germanophosphate (NH4)2{[Mn2(HPO4)]- 
[Ge(OH)2(PO4)2]} has been synthesized under solvothermal condition. In the crystal 
structure, the Mn±O±P layers are interconnected by Ge±O±P chains to form 3-D 
framework structure with 12-membered ring channels running parallel to the a-axis. 
The Mn±O±P layer is built from edge-sharing MnO6 octahedral chains bridging by 
MnO5 trigonal bipyramids alternately at both side via O-corners, which are further 
interconnected by HPO4 tetrahedra. While Ge±O±P chain is constructed from 
corner-sharing GeO6 octahedra decorated by PO4 tetrahedra sitting at both sides 
symmetrically via O-corners. A weak antiferromagnetic correlation was found. The 
crystal structure may have superstructure because of the disorder arrangement of the 
PO4 groups in the Mn±O±P layers and several additional weak reflections appearing 
in the observed powder pattern compared with the theoretical PXRD pattern. 
3. A novel iron phosphate had been synthesized as a by-product while exploring 
the Na2O±Fe2O3±GeO2±P2O5±H2O system. A twin matrix (1 0 0, 0 -1 0, 0 0 -1) was 
used to solve the structure of the twin crystal. In the crystal structure, FeO6 octahedra 
and PO3(OH) tetrahedra connect to each other in turn, resulting in a three-dimensional 
structure with 8-membered ring channels running along [101]. Na+ cations locate in 
8-membered ring channels. Magnetic measurement exhibits a paramagnetic to 
antiferromagnetic transition at low temperatures and confirms the Fe3+ valence state. 
4. The structure chemistry of germanophosphate has been studied. The studies 
indicate that the germanophosphate system may have bright future due to its structure 
diversity and potential physical properties. 
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Key Words: Transition metal germanophosphate; Germanate; Phosphate; Iron 
phosphate; Solvothermal method 
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ᮽѣ㕟⮛䈣 
ᴹᵪ㜪㊫Ⲵㆰ߉ǃ࠶ᆀᔿоѝ㤡᮷਽〠˖ 
1,3-PAD C3H10N2 1,3-propanediamine 1,3-щҼ㜪 
APEN C8H22N4 N,N'-Bis(3-aminopropyl)ethylenediamine N,N' -ৼ (3-≘щ
ส)҉Ҽ㜪 
BTC C9H6O6 1,3,5-benzenetricaboxylic acid 1,3,5-൷㤟й㗗䞨 
DIEN C4H13N3 diethylenetriamine Ҽ҉✟й㜪 
DAB C4H12N2 1,4-diaminobutane 1,4-бҼ㜪 
DABCO C6H12N2 triethylenediamine й҉✟Ҽ㜪 
DACH C6H14N2 1,4-diaminocyclohexane 1,4-⧟ᐡҼ㜪 
DAPe C5H14N2 1,5-diaminopentane 1,5-ᠺҼ㜪 
DMA C2H7N dimethylamine Ҽ⭢㜪 
DMF C3H7NO N,N-dimethylformamide N,N-Ҽ⭢ส⭢䞠
㜪 
EN C2H8N2 ethylenediamine ҉Ҽ㜪 
MPMD C6H16N2 2-methylpentamethylenediamine 2-⭢ส-1,5-ᠺҼ㜪 
TEA (C2H5)3N triethylamine й҉㜪 
TREN C6H18N4 tris-(2-aminoethyl)-amine й(2-≘҉ส)㜪 
 
 
਴亩⍻䈅Ⲵㆰ߉оѝ㤡᮷਽〠˖ 
PXRD Powder X-ray Diffraction ㊹ᵛ X-ሴ㓯㹽ሴ 
TG Thermogravimetry ✝ཡ䟽 
DTA Differential Thermal Analysis ᐞ✝࠶᷀ 
IR Infrared Spectroscopy 㓒ཆݹ䉡࠶᷀ 
SEM Scanning Electron Microscopy ᢛ᧿⭥ᆀᱮᗞᢰᵟ 
EDX Energy Dispersive X-ray Spectroscopy 㜭䉡࠶᷀ 
ICP-AES Inductively Coupled Plasma Atomic Emission 
Spectroscopy 
ݳ㍐࠶᷀ 
 
 
ѫ㾱ॆਸ⢙Ⲵㆰ߉оॆᆖᔿ˖ 
CoGePO Co4(H2O)4[Ge(OH)2(HPO4)2(PO4)2] 
FeGePO Fe4(H2O)4[Ge(OH)2(HPO4)2(PO4)2] 
MnGePO Mn4(H2O)4[Ge(OH)2(HPO4)2(PO4)2] 
NH4MnGePO (NH4)2{[Mn2(HPO4)][Ge(OH)2(PO4)2]} 
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